Introduction
.
In general, this matrix is composed of the lamina-pore complex, nucleolar residues, and an internal three-dimensional network of filaments (Jackson and Cook, 1988; Fey et al., 1986) . Since many nuclear key activities are bound to the nuclear matrix, this structune is thought to have an important role in nuclear function (for review see Cook, 1989; Nigg, 1988; Verheijen et al., 1988; Newport and Forbes, 1987) . To analyze the structure ofthe nuclear matnix, electron microscopy (EM) in combination with immunogold labeling could be of great help.
Immunoelectron microscopy using colloidal gold particles as a marker system is a powerful tool for the localization of antigens.
Lag, 1-nm gold probes appeared to be required to obtain optimal penetration into the nudeus. antigenic sites are labeled that are exposed at the surface of the section (Kellenberger et al., 1987; Stierhof et al., 1986) . As a resuit, only two-dimensional labeling will occur. Improvement of the penetration ofimmunogold particles can be obtained by using techniques that allow the removal of the resin after sectioning (Nickerson et al., 1990; Fey et al., 1986; Wolosewick et al., 1986 Lane 1) and isolated nuclei (10 sg/ml; Lane 2) were separated on SDS-PAGE and immunoblotted as described in Materials and Methods.
In this report we describe a method for pre-embedment im- 
Immunogold Labeling
HeLa cells were grown on coverslips to 80% confluency.
To isolate the nuclear matrix, the cells were fractionated as described above. clearly revealed that the p125 protein was localized in the nuclear interior ( Figure  2D ). The background labeling, as tested by omitting the first antibody, was negligible( Figure  2E ). The DNA in the AM88-labeled and control preparations was stained with
Hoechst 33258 to reveal the nuclei ( Figures 2B and 2F, respectively) .
To isolate the nuclear matrix, cells were extracted in situ with 0.5% Triton X-100 for 3 mm at 4#{176}C, and chromatin and RNA were Figure  3 , all three aldehydes tested were able to prevent the redistribution of pl25 during the nuclear matrix isolation.
In separate experiments, we tested the effect of the aldehyde fixatives on the extractability of proteins, DNA, and RNA. A cell Figure 4B ). These internal networks are not adequately preserved in the nuclear matrix ofunfixed cells ( Figure  4A ). 
The applicability of the 1-nm gold labeling procedure in the dcc- concentrations of the 7-and 10-nm gold probes do not improve labeling efficiency, but only result in higher background labeling.
For visualization in the light microscope the gold particles were silver-enhanced. As shown in Figure  5 , the labeling efficiency of gold particles with diameters of 7 or 10 nm was very low in these preparations.
In contrast, the 1-nm gold probes stained the anti-p125-labclcd cells intensely ( Figure  SA) . Similar results were obtained with all nuclear matrix-directed MAb tested (i.e. , lamin A and C, snRNPs;
data not shown). Background labeling obtained by omitting the first antibody was negligible under the conditions used ( Figure SD) . To investigate whether the low labeling efficiency ofthc 7-and 10-nm gold probes is caused by limited penetration of these gold particles into the nucleus, we examined vimentin labeling in the extracted cells using the same gold probes and the same probe con-centrations. Figure 6 shows that 1-, 7-, and 10-nm gold probes all yielded highly sensitive gold-silver staining of the vimentin skeleton in the HeLa cells. These results indicate that access of the 7-and 10-nm gold probes is restricted to the nucleus, but not to the cytoskclcton. The 1-nm gold probe has access to both the nucleus and cytoplasm in these extracted cells. Therefore, the 1-nm gold probe is well suited to pre-cmbcdmcnt ultrastructunal localization of nuclear matrix proteins. tron microscope was tested in HeLa cells that were pre-fixed with 0.1% acrolcin for 10 mm and subsequently fractionated according to the nuclear matrix isolation protocol.
Applicability
In these matrices, the pl2S antigen was labeled before resin embedment using a secondary antibody conjugated to 1-nm gold. The gold particles were enlarged by silver enhancement according to Danschcr and N#{216}rgaard (1983 et al. , 1984, 1986) .
In this report, the applicability of ultra-small gold probes in studying nuclear matrix architecture is demonstrated by immunogold labeling ofa 125 KD protein of the internal matrix and the lamins A and C in the nuclear matrix ofHcLa cells. It is shown that the labeling procedure results in a specific labeling. A more intense labeling is achieved with the 1-nm gold particles as compared with the larger gold particles. In contrast to the 1-nm gold probe, the 7-and 10-nm gold probes failed to label the nuclear matrix in abdehyde-pre-fixed and Triton X-100-cxtractcd cells. In these preparations, the large gold probes were able to label the vimcntin cytoskclcton with high sensitivity.
Obviously, the 1-nm gold probe has access to both the nucleus and cytoplasm, whereas the 7-and 10-nm gold have access only to the cytoplasm. As compared with the large gold probe, some improvement in labeling intensity of nuclear matrix proteins in the nucleus could be obtamed with the S-nm gold probe (GAMS; Janssen Pharmaceutics; dilution 1:50). The labeling with GAMS, however, was much less sensitive than the 1-nm gold probe and the amount oflabel differed considerably among nuclei (data not shown). These results mdicate that the 1-nm gold probe is the most suitable probe for preembedment immunogold labeling of nuclear matrix proteins in the nucleus.
As shown here, the intense labeling of 1-nm gold is due to a better penetration of smaller particles into the nucleus. Alternatively, the size of the 1-nm particles allows conjugation of more than one particle to the same immunoglobulin. As a result, more particles will be present in each antibody-antigen complex.
It is important to note that the conditions for silver enhancement strongly influence the number of gold particles that are actually enlarged by the silver precipitation. In this respect, the method as described by Danschcr and N#{216}rgaard(1983) is preferable (Stierhof et al. , in press). 
